Abstract In this study, the experimental results from long-term solubility experiments up to 1146 days on micro-crystalline neodymium hydroxide, Nd(OH) 3 (micro-cr), in high ionic strength solutions at 298.15 K under well-constrained conditions, are presented. Hydrogen ion concentrations in our experiments are controlled by the dissolution of Nd(OH) 3 (micro-cr) without artificial adjustment with addition of either an acid or a base, preventing the possibility of phase change that could be induced especially by addition of a base. Such an experimental design also provides the information about the hydrogen ion concentrations buffered by the dissolution of Nd(OH) 3 , which is currently lacking. The solubility data produced in this work, applicable to geological repositories in high ionic strength environments, are compared with the solubilities of Am(OH) 3 (s) predicted by using the Waste Isolation Pilot Plant (WIPP) thermodynamic model. The predicted values for Am(OH) 3 (s) are in good agreement with the experimental values for Nd(OH) 3 (microcr) obtained in this work. Our experimental data indicate that the pH m (negative logarithm of hydrogen ion concentration on a molal scale) buffered by dissolution of Nd(OH) 3 (micro-cr) ranges from * 9.5 to * 9.9. As the equilibrium constant for amorphous neodymium hydroxide, Nd(OH) 3 (am), is useful for several fields, the equilibrium constant regarding the dissolution of Nd(OH) 3 (am) for the following reaction,
is also obtained by evaluating the experimental data in a wide range of ionic strengths from the literature by using the WIPP thermodynamic model. The log 10 K 0 s0 at 298.15 K for the above reaction obtained in this work is 16.85 ± 0.20 (2r), which is similar to, but slightly lower than, the values in the literature evaluated in the low ionic strength range. This value can be applied to amorphous americium hydroxide, Am(OH) 3 (am), using Nd(III) as an analog to Am(III).
Introduction
As the estimated release of actinides calculated in performance assessment (PA) of geological repositories is directly influenced by the solubility of actinides, accurate predictions of actinide solubilities under the conditions relevant to disposal of nuclear waste in geological repositories are fundamentally important to PA.
Nd(III) is a good non-radioactive analog for actinides in the ?III oxidation state [An(III)] (Choppin 2007) . Nd(III) is a very good analog to Am(III), as they have the very close ionic radii. The effective ionic radii for Nd(III) with six and eight coordination numbers are 0.983 and 1.109 Å , respectively, in comparison with those for Am(III) with the same coordination numbers being 0.975 and 1.09 Å , respectively (Shannon 1976) . The usage of Nd(OH) 3 (s) as an analog to Am(OH) 3 (s) offers the advantage of eliminating associated high radioactive toxicity with Am(III) during experiments. It also eliminates the need of disposal of the experimental apparatuses, analytical instruments and other materials associated with experiments as low-level radioactive waste. Therefore, Nd(III) has been studied extensively for the investigation of the chemical behaviors of An(III) (Choppin 2007) . In the review performed by Baes and Mesmer (1976) , the authors reviewed solubility experiments on Nd(OH) 3 (s) prior to 1976. Since then, there have been several solubility experimental studies of Nd(OH) 3 (s) in the literature (Silva 1982; Rao et al. 1996; Khalili et al. 1994; Wood et al. 2002; Neck et al. 2009 ). Some of them (Silva 1982; Rao et al. 1996) were reviewed in the NEA review series (Silva et al. 1995 and its updates) . However, the majority of them were conducted in low ionic strengths, and only few solubility studies (e.g., Khalili et al. 1994; Runde and Kim 1995) were conducted in high ionic strength solutions pertaining to the near-field geochemical conditions. For nuclear waste disposal in the geological environments such as salt formations and sedimentary basins, the associated groundwaters are of high ionic strengths. For instance, at the Waste Isolation Pilot Plant (WIPP), a U.S. Department of Energy geological repository in a bedded salt formation for the permanent disposal of defense-related transuranic (TRU) waste (U.S. DOE 1996) , the Generic Weep Brine (GWB) and Energy Research and Development Administration Well 6 (ERDA-6), have ionic strengths of 8.26 and 5.82 mol kg , respectively (Xiong and Lord 2008) . The Q-brine at the proposed geological repository, Asse, in a domal salt formation in Germany, has an ionic strength up to * 13 mol kg -1 (Schuessler et al. 2000) . The brines in the Canadian sedimentary basins considered for geological repositories have high ionic strengths at least 6.6 mol kg -1 and may be up to 9 mol kg -1 (Bottomley et al. 2005; Bertetti 2016) . As mentioned at the beginning, the release of actinides in PA for geological repositories is directly influenced by the solubility of actinides. Therefore, there is a need for acquiring new experimental data in a high ionic strength range, preferably in mildly alkaline range, under well-constrained conditions that would be suitable for testing the existing thermodynamic models such as that the WIPP model employed for WIPP PA. The mildly alkaline conditions are highly relevant to the designs of the geological repositories. For instance, the industrial grade MgO is emplaced in the WIPP in USA as the engineered barrier (Xiong and Lord 2008) , and Mg(OH) 2 -based engineered barrier is considered for the Asse repository in Germany (Schuessler et al. 2002) .
In this work, we report the experimental results from our long-term solubility studies of Nd(OH) 3 (micro-cr) under well-constrained conditions in high ionic strength solutions relevant to salt formation environments. The primary objective of this work is to provide a new set of experimental results that are optimal for the Am(III) model validation tests.
The other objective of this study is to evaluate Nd(OH) 3 (am) solubility data in a wide range of ionic strengths in the literature to obtain their solubility constants based on the validated Am(III) model. The equilibrium constant for Nd(OH) 3 (am) is expected to find applications in numerous fields. For instance, Nd(OH) 3 (am) has been used as a coating material for zinc anodes for their protection in alkaline solutions (Zhu et al. 1997 (Zhu et al. , 2008 (Zhu et al. , 2009 . Neodymium is widely used in industries, and Nd(OH) 3 (am) would initially form when neodymium is subject to alteration. As an example, neodymium is added into alloys such as AZ91 magnesium alloy to increase corrosion resistance of alloys (e.g., Song et al. 2007 ). When those alloys are eventually corroded, neodymium is first corroded as Nd 2 O 3 (Song et al. 2007 ) and then will be hydrated into Nd(OH) 3 (am).
Experimental Methods

Synthesis of Starting Material
As detailed in Wood et al. (2002) , many other synthesis methods suffer from various shortcomings, which would result in difficulty/uncertainty interpreting solubility data. Therefore, starting with well-defined high-purity material is of fundamental importance to the success of solubility experiments. In this work, we follow the synthesis method developed by Wood et al. (2002) . In synthesis of Nd(OH) 3 (micro-cr), high-purity Nd 2 O 3 was first loaded into Paar Ò reaction vessels with deaerated DI water, and then the reaction vessels were sealed in a glovebox under a positive pressure of an inert gas. The reaction vessels were then removed from the glovebox and placed into a muffle furnace. Nd(OH) 3 (micro-cr) was synthesized by reacting the high-purity Nd 2 O 3 with the deaerated DI water at 473.15 K in Paar Ò reaction vessels for a period of 2 weeks. Following the synthesis step, the reaction vessels were then transferred back into the glovebox and were opened for drying in an atmosphere of inert gas. This synthesis method assures the complete conversion of Nd 2 O 3 to Nd(OH) 3 (micro-cr), as demonstrated by XRD and SEM-EDS characterizations. The SEM-EDS characterization shows that the size of crystals is small, and the majority of crystals are around micrometer or sub-micrometer in size, as indicated by SEM-EDS images (Fig. 1a, b) . As shown by the XRD analysis, the synthetic neodymium has a well-defined XRD pattern (Fig. 2) that is indicative of a crystalline phase. Therefore, we term our synthetic neodymium hydroxide as ''micro-crystalline neodymium hydroxide'', Nd(OH) 3 (micro-cr), throughout the entire paper. Figure 2 shows that the XRD pattern of synthetic Nd(OH) 3 (micro-cr) produced by this work has the exact match with the reference standard of Nd(OH) 3 (cr) from the International Center of Diffraction Data (ICDD).
Of note, the deaerated DI water used in the synthesis was prepared by vigorously bubbling high-purity Ar or N 2 gas through DI water for a minimum of 30 min in the glovebox, following a similar procedure used by Xiong (2008) . This deaeration process was intended to remove any dissolved CO 2 and therefore ensure the synthesis process was not contaminated by carbonate. Aquat Geochem (2017) 
Experimental Setup
Undersaturation experiments are conducted at 298.15 ± 0.5 K. In our solubility experiments, approximately 0.3 g of Nd(OH) 3 (micro-cr) were placed into serum bottles along with 100 mL of supporting solutions with the desired ionic strength. The supporting solutions consisted of 4.4 and 5.0 mol kg -1 NaCl solutions where mol kg -1 refers to concentration on molal scale, i.e., moles per 1000 g of water. All supporting solutions were prepared from reagent grade chemicals from Fisher Scientific, or its associated vendors, and deaerated DI water.
Solution samples were periodically withdrawn from the experiments to determine whether the system had reached equilibrium. Before each sampling, pH readings were taken for each experiment. In each sampling, about 3 mL of solution samples were taken from each experiment, and the solution samples were filtered through a 0.2-lm filter and transferred into pre-weighed 10-mL Grade A volumetric flasks. After filtration, masses of each solution sample were determined with a balance precise to the fourth decimal place. Samples were then immediately acidified with 0.5 mL of the Optima Ò Grade HNO 3 from Fisher Scientific and diluted to 10 mL with DI water. Prior to chemical analyses for Nd using the PerkinElmer NexION 300D ICP-MS, and for Na using the PerkinElmer Optima 3300 Dual View (DV) ICP-AES, aliquots from the aforementioned acidified samples were further diluted to an appropriate ionic strength.
The pH was measured with an Orion-Ross combination pH glass electrode, coupled with an Orion Research EA 940 pH meter that was calibrated with three pH buffers (pH 4, pH 7, and pH 10). The measured pH readings were converted to negative logarithm of hydrogen ion concentrations on a molar scale (i.e., pcH) following the procedure detailed in Xiong (2008) and Xiong and Lord (2008) , and pcH's were converted to pH m 's (negative logarithm of hydrogen ion concentrations on molal scale) according to the equations in Xiong et al. (2010a) .
The final measurements for this study included sodium, neodymium, chloride, and hydrogen ion molal concentration data.
It should be emphasized that in our solubility experiments, hydrogen ion concentrations (i.e., pH m ) were not adjusted, rather the pH m was controlled by the dissolution of Nd(OH) 3 (micro-cr), as the pH m range, buffered by the dissolution of Nd(OH) 3 (micro-cr) in high ionic strength solutions, had not been determined in previous studies. In addition, the possibility of the phase change that could occur owing to artificial adjustment of pH m can be minimized in such an experimental design of no artificial adjustment of pH m .
Results
Experimental results are tabulated in Table 1 . In Fig. 3 , the pH m buffered by dissolution of Nd(OH) 3 (micro-cr) as a function of experimental time is displayed. The dissolution of Nd(OH) 3 (micro-cr) can be generally casted as, In the experimental design of this study, pH m was not artificially adjusted by titration to constant values. Instead, pH m was buffered by the dissolution of Nd(OH) 3 (micro-cr). This allows to determine the pH m range buffered by dissolution of Nd(OH) 3 (micro-cr) on the one hand. On the other hand, it minimizes the possibility of a phase change induced by the artificial adjustment of pH m , especially in high pH m ranges. Wood et al. (2002) mentioned that the adjustment of pH m by titration, especially in high pH m range, could induce a phase change (also see more detailed discussions below).
The results from our long-term solubility experiments indicate that the pH m range exhibited by the dissolution of Nd(OH) 3 (micro-cr) was between * 9.5 and * 9.9. As pH m was not adjusted by titration to constant values, it is expected that pH m would slightly vary with time because of the self-buffering owing to the dissolution of Nd(OH) 3 (microcr). In this study, the variation in pH m was * 0.4. This magnitude is similar to the dissolution of brucite in a previous study (Xiong 2008) . The pH m range buffered by the dissolution of Nd(OH) 3 (micro-cr) mentioned above in high ionic strength solutions is similar to that controlled by the dissolution of brucite in high ionic strength solutions (Xiong 2008 ).
In Fig. 4 , total neodymium [RNd(III)] concentrations in equilibrium with Nd(OH) 3 (micro-cr) in 4.4 and 5.0 mol kg -1 NaCl solutions are displayed as a function of experimental time. It is likely that equilibrium was achieved in the first sampling (i.e., 7 days), and the variations reflect the experimental uncertainty. There are two potential factors that could contribute to the scatter in Nd(III) concentrations. The slight variations in pH m could contribute to the scatter in Nd(III) concentrations, as the solubility of Nd(OH) 3 (micro-cr) is pH dependent. The other contributing factor to the scatter could be experimental uncertainties associated with low solubilities of Nd(OH) 3 (micro-cr) close to the instrumental detection limit. In the high pH m range, the solubility of Nd(OH) 3 is low. Therefore, the scatter in one or even two orders of magnitude is common. For example, in the work of Neck et al. (2009) on amorphous Nd(OH) 3 , the Nd(III) concentrations vary by about two orders of magnitude for the data points at the same pH m at * 9 and at * 10.
The assessment that the attainment of equilibrium was achieved in 7 days is consistent with the previous studies on the similar systems. For instance, the experimental duration lasted for 6-150 days in the work of Neck et al. (2009) on amorphous Nd(OH) 3 . Similarly, the experimental time lasted for 7-64 days for the undersaturation experiments and lasted for 68 days for the supersaturation experiments, in the measurements on Nd(OH) 3 (cr) conducted by Makino et al. (1993) . Makino et al. (1993) stated that the equilibrium was attained in 7 days for their experiments from the direction of undersaturation.
To further demonstrate the attainment of equilibrium, logðQ ¼ (Silva et al. 1995) . Therefore, the corresponding solubility reaction is, Nd OH ð Þ 3 micro-cr
In Fig. 5 , the data points for 4.4 and 5.0 mol kg -1 NaCl are linearly regressed in the 1 ffi ffi t 2 p À log Q space. Figure 5 shows that the dependence of log Q on 1 ffi ffi t 2 p is weak (as indicated by R 2 close to zero). The log Q's at infinite time (i.e., 1 ffi ffi t 2 p ¼ 0) based on the regressions are statistically indistinguishable from those at the slope = 0. The slope = 0 suggests that the equilibrium was attained in the first sampling (i.e., 7 days). As Makino et al. (1993) provided the data for their undersaturation experiments as a function of experimental time and their experiment conducted mainly in pH 7-13, their data in pH 8-11 are also plotted in Fig. 5 . It is obvious from Fig. 5 that their data set has a weak dependence in the 1 ffi ffi t 2 p À log Q space too, and the log Q at infinite time according to the regression is statistically indistinguishable from that at the slope = 0, also supporting their original assessment that the equilibrium was attained in 7 days in their undersaturation experiments.
In previous solubility studies on americium/neodymium hydroxides, experimental pH m were usually adjusted by using HCl or NaOH to investigate their solubilities as a function of pH m . In doing so, pH m that are self-buffered by dissolution of americium/neodymium hydroxides are not known. More importantly, the adjustment of pH m , especially in alkaline range, can cause phase changes (e.g., Wood et al. 2002; Silva et al. 1995) . Consequently, the experimental strategy adopted by this study, i.e., not adjusting the experimental pH m with either HCl or NaOH, is ideal for the model validation tests, as detailed in the following section. In addition, the pH m range buffered by dissolution of Nd(OH) 3 (micro-cr) determined by this study serves as the criterion for selection of the literature data in alkaline range for evaluation of the equilibrium constant for Nd(OH) 3 (am) (see the following section for details). Notice that the XRD pattern from a representative sample after experiment is displayed in Fig. 2 . Figure 2 clearly demonstrates that there is no phase change after experiment. It is worth noting that the XRD pattern for halite (NaCl) also appears in Fig. 2 . This is because the sample taken from the experiment with 4.4 mol kg -1 NaCl was not washed. The residual NaCl solution crystallized as halite when the sample was dried.
Thermodynamic Model and Discussions
Model Validation
In the following, solubility values in equilibrium with Am(OH) 3 (s) in NaCl solutions are predicted by using the WIPP thermodynamic model (Babb and Novak 1997; Wang 1998; Giambalvo et al. 2002; Xiong et al. 2005 Xiong et al. , 2010b Wolery et al. 2010; Xiong 2011) , in order to compare with the above experimental results. The objective of such a test is to see how the WIPP thermodynamic model performs in comparison with the model-independent experimental results.
The WIPP thermodynamic database uses oxidation state analogies, i.e., Am(III) being used to predict solubilities of actinides in the ?III oxidation state; Th(IV) being employed to predict solubilities of actinides in the ?IV state and Np(V) being utilized to predict solubilities of actinides in the ?V state. This database is well known in the regulatory field and has been approved by U.S. EPA for predicting actinide solubilities for the WIPP Compliance Certification Application in 1996 (CCA-1996) (US DOE 1996) and subsequent compliance re-certification applications (CRAs) (US DOE 2004; US DOE 2009). The database uses the Pitzer model for calculation of activity coefficients. ? is the dominant species. Long-dashed lines represent the linear regression lines from the experimental data from this work and from Makino et al. (1993) . Notice that the squares of correlation coefficients (R 2 ) are very low, suggesting that, statistically speaking, there is no dependence. The squares of correlation coefficients are 0.0986 and 0.0016 for experimental data in 4.4 and 5.0 mol kg -1 from this work, respectively, and is 0.103 for the data from Makino et al. (1993) . Short-dashed lines represent the respective lines at slope = 0
The equilibrium constants for reactions related to the solubility of Am(OH) 3 (s) in NaCl solutions and the associated Pitzer interaction parameters in the WIPP thermodynamic model are reproduced in Tables 2 and 3 . Of note, Am(III) hydroxyl and chloride species, and their interactions with a NaCl medium are detailed in Tables 2 and 3. The measured solubility of Nd(OH) 3 (micro-cr) in 4.4 and 5.0 mol kg -1 NaCl solutions from this study was compared with the model-predicted solubilities of Am(OH) 3 (s) (Fig. 6) . It should be noted that the model predictions in Fig. 6 are based on the value of 14.49 for log 10 K 0 s0 of Am(OH) 3 (s) from the WIPP thermodynamic database (see Table 2 for details). The comparison demonstrated that the model-predicted values were in good agreement with the measured Nd(OH) 3 (micro-cr) solubility data produced in this work.
In addition, experimental solubility data from Runde and Kim (1995) for Am(OH) 3 (cr) in 5.61 mol kg -1 NaCl are also shown in Fig. 6 . Again, the solubilities predicted by using the WIPP model for Am(III) are in excellent agreement with those measured values for Am(III) from Runde and Kim (1995) , considering the fact that there is higher experimental uncertainty in their experiments in mildly alkaline range. These comparisons indicate that the model performs well, especially under the conditions relevant to salt formations.
Model Applications
As an example of model applications, in the following, we evaluate the solubility constant for amorphous neodymium hydroxide, Nd(OH) 3 (am), based on the solubility data in a wide range of ionic strengths from the literature, by using the above thermodynamic model.
The pH m range buffered by dissolution of Nd(OH) 3 (micro-cr) determined by this study serves as the criterion for selection of the literature data in alkaline range for evaluation of the equilibrium constant for Nd(OH) 3 (am). Above this pH m range, it is the supersaturation region with respect to americium/neodymium hydroxides, and the phase change would occur in the supersaturation region (e.g., Wood et al. 2002) . Consequently, data above this pH m range are excluded.
The solubility constant for Nd(OH) 3 (am) can be expressed as,
In the evaluation, we use the computer code EQ3/6 Version 8.0a (Wolery et al. 2010; Xiong 2011 ) as a modeling platform. The essence of the modeling is to minimize the difference between experimental and model-predicted values. The EQ3/6 code has been successfully used as a modeling platform in a number of previous studies at ambient temperature (e.g., De Windt et al. 2004; Xiong et al. 2013a, b; Xiong 2015) and at elevated temperatures up to 523.15 K (Xiong 2013a (Xiong , b, 2014 .
In the modeling, experimental data selected are used to generate EQ3/6 input files in the first step. In the second step, the values of the targeted parameter (e.g., log 10 K 0 s0 ) are changed until the difference between experimental values (e.g., m RNd ) and model-produced values predicted by the computer code is minimized. In the third step, the final selected value for the targeted parameter is verified to see how it reproduces experimental data, including model-independent experimental data. Notice that the thermodynamic model contains the constants for Am(III) hydroxide and chloride complexes (see Tables 2 and 3 ).
The literature data selected for modeling the equilibrium constant for Reaction (4) at infinite dilution, log 10 K 0 s0 , are from Neck et al. (2009) . The primary reason for selecting this data set is that the experiments in Neck et al. (2009) were conducted in NaCl solutions with a wide range of ionic strengths up to 5.61 mol kg -1 . As our work indicates that the pH m buffered by dissolution of Nd(OH) 3 (micro-cr) ranges from * 9.5 to * 9.9, all data above pH m 9.9 are excluded. This is because a phase change can occur above the pH m in equilibrium with Nd(OH) 3 (micro-cr), as it has been reasoned in Wood et al. (2002) and Silva et al. (1995) . In other words, there is some uncertainty regarding the solubilitycontrolling phase above the pH m range that is buffered by the dissolution of americium/neodymium hydroxides.
It should be noted that in Neck et al. (2009) , they described that the solid Nd(III) hydroxide was prepared by hydration of crystalline Nd 2 O 3 (cr) in pure water at room temperature for about 3 months. They designated the material prepared in this manner as ''Nd(OH) 3 (s)''. Their description for this material [i.e., ''Nd(OH) 3 (s)''] was ''a less- RT ) for the WIPP thermodynamic model. On September 17, 2011, USA, U.S. Environment Protection Agency approved the migration from the FMT code to EQ3/6 Version 8.0a. EQ3/6 Version 8.0a uses equilibrium constants. In this table, Gibbs free energies of formation are from Xiong et al. (2010b) , which were converted from dimensionless standard chemical potentials by using the equation,
RT ) 9 298.15 9 8.314. Equilibrium constants are from the EQ3/6 Version 8.0a database, DATA0.FMT (Wolery et al. 2010; Xiong 2011) ** Evaluated by this study with the WIPP thermodynamic model, using the data for Nd(OH) 3 (am) from the literature, and the same value for the equilibrium constant is applied to Am(OH) 3 (am). Notice that the equilibrium constant was first evaluated. Then, the D f G 0 for Am(OH) 3 (am) was derived in consistency with the FMT database (Xiong et al. 2010b , and references therein) Aquat Geochem (2017) 23:359-375 369 Xiong et al. (2010b) 1.0E-09
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1.0E+00 (Hinz et al. 2015) , where ''am'' refers to ''amorphous''. Accordingly, Hinz et al. (2015) actually considered in their latest publication that the Nd(III) hydroxide prepared in their laboratory, including that prepared in the same way in Neck et al. (2009) , should be amorphous. Therefore, the designation ''Nd(OH) 3 (am)'' by Hinz et al. (2015) for synthesis of Nd(III) hydroxide in their latest publication is adopted for the data in Neck et al. (2009) . The equilibrium constant (log 10 K 0 s0 ) at 298.15 K for Reaction (4) evaluated by this work with the WIPP thermodynamic model is 16.85 ± 0.20 (2r) ( Table 2 ). In analog to Nd(OH) 3 (am), the same value of 16.85 ± 0.20 (2r) is applied to the following reaction for Am(OH) 3 (am),
In Fig. 7a , solubilities of Am(OH) 3 (am) predicted for 0.1 mol kg -1 NaCl using the equilibrium constant for Am(OH) 3 (am) obtained in this work with the Pitzer model are compared with the experimental data for Am(OH) 3 (am) and Nd(OH) 3 (am) in low ionic strength solutions. Notice that the experimental data from Rai et al. (1983) , Nitsche and Edelstein (1985) , Wood et al. (2002) and Hinz et al. (2015) are model independent. The experimental data from Rai et al. (1983) are for Am(OH) 3 (am) in de-ionized (DI) water and 0.0015 mol kg -1 CaCl 2 . The experimental data from Nitsche and Edelstein (1985) are also for Am(OH) 3 (am), in 0.1 mol dm -3 NaClO 4 . In the work of Wood et al. (2002) , their experiments were at 30°C in 0.03 mol kg -1 Na-triflate. They stressed that the data acquired at 30°C were related to amorphous, or at least less well-crystalline Nd(OH) 3 (s). The experimental data from Hinz et al. (2015) are for Nd(OH) 3 (am) in 0.1 mol dm -3
NaCl. The experimental data from Neck et al. (2009) are model dependent, meaning that their data were used for parameterization. The comparison indicates that the values predicted by the model are in good agreement with the experimental data, including numerous data from different research groups, independent of the model development.
In Fig. 7b , the model-predicted solubilities of Nd(OH) 3 (am) in 0.51 mol kg -1 NaCl are compared with the experimental values in the same solution. The comparison shows that the model performs well in reproducing the experimental data.
In Fig. 7c , the model-predicted solubilities of Am(OH) 3 (am) in 1.0, 2.64, and 5.61 mol kg -1 NaCl are compared with the experimental data for Nd(OH) 3 (am) in the respective solutions. The values predicted by the model in 1.0 mol kg -1 NaCl are in good agreement with the model-independent experimental data in the same solution from Hinz et al. (2015) . The model performs well in reproducing the experimental data in 2.64 mol kg -1 NaCl. Similarly, the model performs fairly well in reproducing the experimental data in 5.61 mol kg -1 NaCl including the model-independent experimental data from Hinz et al. (2015) below pH m = 8. However, in the high pH m range, i.e., * 9 to * 10, the model-predicted values deviate significantly from the model-independent experimental data from Hinz et al. (2015) . This could be due to the uncertainty of the solubility-controlling phase in the experiments in the high pH m range.
In the NEA reviews, the log 10 K 0 s0 referring to Reaction (5) was 17.0 ± 0.6 (2r) (Silva et al. 1995) , which was obtained by evaluating the literature experimental data in the low ionic strength range (* 0.1 mol kg -1 ). The value [log 10 K 0 s0 = 16.85 ± 0.2 (2r)] obtained in this work over a wide range of ionic strengths agrees with the value of Silva et al. (1995) within the quoted uncertainties, but is slightly lower.
Summary
In this work, we present our solubility data at 298.15 K in high ionic strength NaCl solutions applicable to salt formations. These data were produced under well-constrained conditions suitable for model validation. The comparison of our data as well as the literature data with the values predicted by the WIPP thermodynamic model indicates that the model performs well. As an example of applications of this model, we evaluated the equilibrium constant for Nd(OH) 3 (am) from the literature data as log 10 K 0 s0 = 16.85 ± 0.2 (2r), which will be useful in numerous field.
